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[57] ABSTRACT 

A color separation filter arrangement for an image in- 
tensifier having separate blue, green and red filters 
which respectively have pass bands for visible blue light 
and its second order wavelengths, visible green light 
and its second order wavelengths, and visible red light 
The blue, green and red filters are interposed individu- 
ally in succession in the path of incident visible light and 
infrared energy to the photocathode of the image inten- 
sifier. Use of this color separation filter produces a rela- 
tively high signal-to-noise ratio at the output of the 
image intensifier when it is used under night sky illumi- 
nation. 

4 Claims, 4 Drawing Figures 
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IMAGE INTENSIFIER FOR PRODUCING A ^ ^P"^ of description and not of 

COLOR IMAGE HAVING A COLOR SEPARATION ■ 

FILTER SEQUENTIALLY PASSING VISIBLE DETAILED DESCRIPTION 

BLUE LIGHT AND ITS SECOND ORDER 5 Referring to FIG. 1, reference numeral 1 designates 
W ^^^»^^ GREENIJGHr AND 8»«-lIy an image intensify tube of know^S 
ITS SECOND ORDER WAVELENGTHS, AND which is shown in simplified schematic form here. I?has 
VISIBLE RED LIGHT a photocathode 2 at one end which is exposed to inci- 

, dent light, an anode and focusing cone 3, a microchan- 

SUMMARY OF THE INVENTION 10 nel plate 4 having an input electrode 5 on its face 

This invention relates to a novel filter arrangement foward the photocathode and an output electrode 6 on 
for color separation imagery operation of an image its facc a,wav from ^ photocathode, and a fluorescent 
intensifier under a night sky. output screen 7 at the opposite end. This is a typical 

Attempts to use color separation imagery with image ■< ." second generation" image intensifier. The optical 
intenaifiers under the low illumination provided by a ima 8 e formed on the photocathode 2 by the incident 
night sky have not been entirely satisfactory because of u '8*t ». converted by it into an electron image, which is 
excessive noise in the output from the image intensifier. multiplied by the microchannel plate 4 and applied to 
The present invention substantially overcomes this we output screen 7, which produces an optical image 
difficulty by taking advantage of the following facts: 20 u " *" intensified re P Uca of ^ °P ticaI image on 

(1) night sky typically has a relatively high level of ^ Photocathode. 

energy covering most of the visible spectrum and ML 0 " 6 P ractlcal embodiment, the photocathode 2 is at 
the infrared spectrum,- and - 1730 volts, the anode and focusing cone 3 is at + 1000 

(2) image intensifiers generally have a sensitive re- Y 01 **' ^ taput dectrode 5 of ^e microchannel plate 4 
sponse over the visible spectrum and much of the 25 Mat + 900 volts and ,ts ^P" 4 electrode 6 is at reference 
infrared spectrum (including specifically second 8™™*- 0utput screen 7 b at +600 ° volts - 10 a 
order blue and green) portable image intensifier these voltages are supplied by 

In accordance with the present invention, the light mUs ?* JT 1 havin * a ihrec volt DC P° wer 
image input to the image intensifier is filtered through a m f ? m of two size AA dry cell batteries, 

complex filter unit which puses, in succession, visible 30 Tn«s battery voltage is stepped up in the internal power 
blue and its second order wavelengths fin the infrared P™ v ? de . t,,e voltages for the various 

spectrum), visible green and its second order wave- el ^^5 *" . 
lengths, and visible red. The intensified visual image on J? . 7 , mvent,on - a *>* 

the output screen of the image intensifier has a higher 8 « loca^urf unme«uatel y in front of the 

signal-to-noise ratio thanTas possible in previous at- 35 S If ^T P l "' tei t!f b : j f 
tempt, to use image intensifiers Scoter separation im- Vhotoa&ode 2. As shown in FIG. 2 this 

agery systems ^ filter umt may be in the form of a rotary disc consisting 

A principal object of this invention is to provide for °£f" M ^ r «?• a green filter sector 8G and a 
use under night illumination a novel combSon of ^^^l^Tt^^**** 0 * 
an image mteniifter and an input color fflterl™* *° S£S «T? ' ? M la ? e to * 

ment which produce, a relatively high agnal£Ze fS^^S^T 9 ^ ??* P h ° to ? lthode 
ratio at the output of the image intensifier 2 through the transparent end waU 9 at a particular time 

p™a„ ..j j u ™* s m ~" l T dunng each rotation of the filter disc 8. 

h e ^tT,w « T ^ mVMtoB ^ fflter disc 8 is driven by a D.C. powered stepping 

SesenTtSS l.^* *^ ^T° n ^ « motor ^ schematically at 10 in FIG. 1 through! 
*Z3U& ^ embodiment which is illustrated mechanical drive of any suitable design, indicated by 
schemadcally in the accompanymg drawmgs. the dashed line 11 in FIG. 1. The motor indexes the 

DESCRIPTION OF THE DRAWINGS fflter ra P«dly to successive rotational positions 120 

nn ii..„v „. i , ^ , . , degrees apart in which the blue filter 8B, the green filter 

an ™;! », 8 lon^tuomal sectional view of „ 8G and the red filter 8R are positioned Successively In 

Z™^^ 1 ^"^ 7 th ° 0Vel fJtCr front of the transparent end wall 9 of the image intensU 

mrTf - ^ P /T i r en f n: u, , , fier. FIG. 2 shows the filter disc in a rotational position 

FIG. 2 is a front elevation of a rotatably adjustable m ^ blue fflter 8B ^ ^ ^pa^nd 

th^ffl^ ITrT? ,e8mCntS waU, shown in dashed lines. P 

Rir»% J.-!™" r nr ' .w , ... , 55 ^ desired, the respective blue, green and red filters 

FIG 3 shows in fufl Unes the spectral sensitivity of a maybe on flat panels or cards, one closely behind the 

typ.cd ini.ge mte^er and m^dashed lines the spec- 0 ,her, which axeSlidably operated so that only bne at a 

i Z mght ^ b ° th Pl0tted agHiMt time covers the end wall 9 of the image intensifier and 

W F^f*„^ e t n! y !, and , ■ ■ rr. the other two are retracted. The three Llor filter panels 

FIG. 4 shows rdw : band-pass characteristics of the « are actuated in rapid succession, one at a time, to the 

blue green and red niters in the filter unit at the light operative position to provide blue, green and red fflter- 

input side of the image intensifier of FIO. 1, in accor- ing in sequence 

dance with the present invention^ Each color filter 8B, 8G and 8R fa composed of semi- 
Before explaining the disclosed embodiment of the transparent layers separated in succession along the 
present invention in detail it is to be understood that the 65 direction of the energy impinging on the photocathode 
invention is not limited in its application to the details of 2 and so arranged as to pass certain wavelength bands 
the particular arrangement shown since the invention is with relatively litde loss and to reject the other wave- 
capable of other embodiments. Also, the terminology lengths substantially completely. 
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As shown in FIG. 4, blue filter 8B has two pass bands, 
one for visible blue light and a second for blue second 
order wavelengths (i.e., infrared energy in the wave- 
length band twice that of visible blue light); the green 
filter 8G has two pass bands, one for green light in the 
visible spectrum and a second for green second order 
wavelengths (i.e., infrared energy in the wavelength 
band twice that of visible green light); and the red filter 
8R has a single pass band in the visible red spectrum. 
Each filter 8B, 8G and the 8R rejects all energy wave- 
lengths except those within its pass band or pass bands. 

It will be evident that the filter 8 is a spectrally sensi- 
tive beam separator for sequentially dividing the inci- 
dent energy into these components: visible blue and its 
second order wavelengths, visible green and its second 
order wavelengths and visible red. 

The photocatbode 2 of the image intensifier 1 re- 
ceives sequential color separated images and converts 
them into an electron image which is multiplied by the 
microchannel plate 4 and applied to the output screen 7 20 
to produce a visible image which is an amplification of 
the sequential filtered inputs through the blue, green 
and red sectors of filter disc 8. 

As shown in FIG. 3, a typical night sky may have the 
energy levels in the visible light and infrared spectrums 23 
as shown by the dashed line curve 12. A typical image 
intensifier has a response to incident energy as shown by 
the full line curve 13, from which it will be evident that 
the response drops off sharply at about 1200 nanometers 
and higher wavelengths. The response of the image 
intensifier tube is high over the entire visible light spec- 
trum and the infrared spectrum up through twice the 
wavelength range of visible green light, but it is very 
low in the infrared spectrum in the wavelength range 
twice that of visible red light. Therefore, even though 35 
infrared energy at wavelengths twice that of visible red 
light is substantially present in the night sky, the red 
Miter 8R in the present invention rejects it because the 
image intensifier would not respond significantly to it. 
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wavelength band twice that of visible blue light, a 
second filter means with pass bands for only visible 
green light and infrared energy in the wavelength 
band twice that of visible green light, and a third 
filter means with a pass band for only visible red 
light, said filter unit being operatively arranged to 
position said first, second and third filter means 
individually in succession in the path of incident 
energy before it reaches said photocathode. 

2. The combination of claim 1 wherein said filter unit 
is a rotatable disc with first, second and third sectors 
which respectively provide said first, second and third 
filter means. 

3. In combination with an image intensifier having: 
a photocathode for converting an optical image 

formed by incident energy to an electron image, 

an anode and focusing cone, 

a microchannel plate for multiplying the electron 
image produced by said photocathode, 

and an output screen for converting the multiplied 
electron image to an optical image; 
means for operating said image intensifier at a high 
signal-to-noise ratio under a night sky comprising: 

a filter unit having a blue filter with pass bands for 
only blue light in the visible spectrum and infrared 
energy in the wavelength band twice that of blue 
light in the visible spectrum, a green filter with pass 
bands for only green light in the visible spectrum 
and infrared energy in the wavelength band twice 
that of green light in the visible spectrum, and a red 
filter with a pass band for only red light in the 
visible spectrum, said filter unit being operative to 
position said blue filter, green filter and red filter 
individually in succession in the path of incident 
energy in the visible light and infrared spectrums 
before it reaches said photocathode. 

4. In combination with an image intensifier having a 
photocathode for converting an incident light image 



Because of the inclusion of components of the night 40 into an electron image, means for multiplying said elec- 



sky's energy which are in the infrared spectrum, the 
signal-to-noise ratio of the output from the image inten- 
sifier is substantially greater than has been possible pre- 
viously using color separation imagery in only the visi- 
ble spectrum under a night sky. 45 
I claim: 

1. In combination with an image intensifier having a 
photocathode, 
a filter unit having a first filter means with pass bands 
for only visible blue light and infrared energy in the 50 



tron image, and an output screen for receiving the mul- 
tiplied electron image and converting it into a light 
image, spectrally sensitive filter means positioned in the 
path of said incident light image to said photocathode 
for periodically separating said incident light image, 
prior to arrival at said photocathode, into a plurality of 
different visible light wavelength bands and wavelength 
bands twice those of certain of said visible light wave- 
length bands. 
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